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LL. INTRODUCTION 


Larly in January 1959 « thunderstorm situation 
Geveloped over the Gulf states of the United States. 
A synoptic meteorologist who depended entirely upon 
surface map ankivsis would have experienced great diffi- 
culty forecasting this particular situetion. The surface 
deta vhich was avallebie dic not in itself present a 
Clear concept of the processes which were occurring in 
the atmosphere. The weather which ensued coulc scarcely 
have been predicted with a reasonable margin of accuracy, 
It ls the purpose of this paper to investigate this 
unusnel weather situation and study in detail all the 
upper data with the objective to find some clues as to the 
causes of the thunderstorms which developed. Further an 
attempt will he made to describe any indications frou 
hich it would have been possible to predict thunder- 
storm developments. A better knowledge of the more in- 
tricate processes of the etmosphere will facilitate more 
reliable predictions and are only obteineble frem a closer 
scrutiny of the upper air cata as it is made available 
for each situation. The period covered is January £-4 
(ine.) 1938. 

In order to investigate and coordinete the upper 
air data with the surface man analysis the following 


routine procedures have been employed:-isentropic charts, 
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reoresentative vertical cross-geetions of the atmosnnere, 


fessby Diagrams, ediabatice charts and pressure change 


¥% 


mans for the surface conditions. In addition, the § 
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surface maps and the 8 P.M. surface mup for the @rd have 


been included. 





IX, GPENFRAL PRATHER ETTUATION 


A brief deseription of the wenther situation 
Will be presented whitch will be further sunpsletented when 
the detailed dsy~by-day analysis is made in conjinetion 
with the upper @ir dats. Our main interest is centered 
in the south Central States, namely, Qkichoma, Arkansas, 
Miesissippi, Louisiana and Texas. In this urea a region 
of frontozenesis began to develop on the end (#1), which 
develoned into two secondary waves on the Sr¢4 of January(#2). 

The general weether situation on the morning 
of January © (#1), serves Ss en introduction to the phenomena 
investigated. In the northeastern part of the United States 
there exists an invasion of Pe air, which is suoplenting 
Nye air and a narroer bend of Nop air mass adfoining the 
Sermude High; into this Hype air mass Tg air haa begun to 
advance northenstwerd fron the West Gulf region, <A Zone 
of frontorenesis is becoming sanparent with ea weak frontal 
region between the Noc @2ir and a Npp air mass lytng over 
the seuthwest. In the northwest Pp air nas hagun to 
nenetrate to and including the Rocky mountains. 

The cyclogenesis which commences in the northern 
part of the Texas panhendle near Amarillo, stagnated in this 
region for more than twenty-four hours. This disturbance 


develoned first as a wave in the frontogenetic sone, The 
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The A-M. surface mup of & January (##) shows this disturbance 
deepening as a typical secondary extratropical cyclone and 
on 4 Januery (#4), it began to undergo occlusion. The advance 
of the warmer moist Tg sir at the surface is indicated by the 
dew points on January 3% (#2), just south of Abilene and Dallas, 
Texas, The morning of & Januery (#2) presents a good example of 
the formation of « secondary disturbance as the result of a 
Wave on a quasi-stationary colic front. The pressure tendencies 
in all sectors of the cyclone sre negative end thus it appears 
the diaturbance is stiil deepening. This deepening continues 
te be indicated on the P.K. surface map (#2), and the Tg air has 
advanced into southern Oklehome. 

An additional feature to be noted on January & (#£) 
is the appeurance of a weak cold front in the vicinity of 
Des Moines, Iowa, Omaha, and North Platte, Nebrasxe. Thig is 
the frontal gone between the Pe alr in the northeast anc the 
Npp air in the southwest. Tweelve hours later (#3) this front 
hag advanced 125 mlles farghner to the southvest and is now 
acting with its Pe wedge as a barrier to the advance of Pp air 
frou the northwest and in like manner retards the advance of 
warm Te and Ape air fro@a the south and southeast. The advancing 
Pp sir from the northwest appears to possess an upper levei 
cold front assoclatad with the warm front type occlusions, 
which are characteristic of Pp air advances from the northwest 


in winter. 
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The surface mep for the morning of 4 January 
(#4) presents the conditions which contributed to the 
thunderstorm developments and at the same time encouraged 
further investigations as to their probable cause. The 
cold front which sevarates the Nop air in the southwest 
from the Ts flow of eir out of tne Gulf of Mexico has 
advenced eastward about 150 miles during the niznt as a 
more active cold front. It is located elong a line 
through San Antonio, Porth Worth, Tulsa, and Eastern Kansas. 
Simultaneous with this advsnce thunderstorms occurred during 
the night over 00 miies in advance of the cold front. The 
thunderstorms which occurred, for example, at Nesnville, 
Little Rock, and Monroe, Louisiana, were accompanied by 
heavy precipitation. The storm at Monroe occurred about 
4 A.M. and lastec one hour with 1.83 inches of rain. The 
cold front was at this time more than 500 miles to the 
westward. 

The upper levei cold front of the previous analysis 
(#3) can no longer be located on the morning of the 4th (#4). 
The occlusion in the southwest had advenced southwerde and 
joined the cold front and exist as 2 single cold front over 
New Mexico and Arizona. 

It is particularly noteworthy that the thunder- 
storms dia not occur with eny regularity in regard to front 


and neither can they be identitlec @s air wass thunderstorms 
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gince itt is remarxable there ars no indications of storms 
4n the midst of the Tg sir flow where it crosses the Gulf 


Coast at Mobile and Pensacola. <A surface enalysia does 


not explain these phenowenc. 
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This sketch illustrates @ cross-section of the 
complicated frontal structure on the 4th of Jenuary (4) 
when @ line is followed from Denver, Colorado, to Wienits, 
Kansas, to Memphis, Tennessee. An anaisycis of the upper 
air ceta ia the one recourse which a synoptic meteorologist 
can choose, in order that he may escertalin wnet has been 
occurring since the previous mup analysis and thereby 


make a reasonuble prediction of the future weather. 
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A SRIEF Di SION OF LSENTROPIC ANALYEIS 





A detailed description of isentropic analyst 
is not deemed necessary at this time. In the past few 
years meny articles hee been piublisned which cowpletely 
cover the basic principles of this subject and they are 
also valuable contributions to meteorology. A study of 
the references (, 3, 6, 7) will quiekly acourint one 
with the more luportant articles published to date. 

Professor G.G.Kosesby is primarily responsible 
for the development of isentropic analysis. A somewhat 
similer application was suggested by Sir Napier Shaw 
(Wol. ILI, Physical Processes of Veather 1942) but 
Professor Rossby and his collaborators (1) developed the 
technique and introduced isentropic analysis into daily 
synoptic practice. Professor Rossby hes also indicated 
that isentropic charts are the logical end independent 
outgrowth of a study of iatersi mixing in the atmosphere. 

As mentioned by Byers (8) the isentropic chart 
serves a twofold purpose a2 @ hydrodynamic end a thermodynamic 
chert -— hydrodynamic in the Sense that the patha of 
"tongues" of waeximum water-vasor content serve es identi- 
fying indicators of the flow pattern and of Lateral mixing; 
and thermodynamic with respect to indications of adiabatic 


changes in the air, including vater-vapor, as it flows along 
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the slopins or broadly undulating surface. 
The isentropic chart is usually drawn to 
represent # contour map of an isentropic surfece with 
isograms of specific mmicdity along the same surface 


superimposed. Additional date such as winds, relative 


2 


hunidities, clouds, etc. cre entered at the points of 
observation. Pressure nnd altitude are closely relate 
which makes it preferable to use isobars in place of 
elevation contours on the charts. The srocedure at 
Massachusetts tnstitute of Technology mates use of gpaciflie 


waicities instead of the isentronic condensation pressures 
t 


je 


usec by Pyers. It cognizead that the condenséetion 
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pressure along an isentz 
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surface hes only one value 
for each specific humidity. It Ls questionable if the 


advantages cf this procedure are sufficient to warrent 


‘a 


its universal sxdoption. In the present invertization the 
procecures edvocated by the Massachusetts Institute of 
Technology ere recognized os standaré anc are followed 
throughout. 

The eddition of the walues oF manxninaum specific 


huwidity for each isentropic-isobar hes been recommended 


oe 


anc used by Namtas. These are indiecctecd in narenthecis 


adjacent to e isobaric designation. The s#reas of con- 
densation are thus readily recognized where the actuel 


values of gpecizic nmumidity approech or equal the values 
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| OF THR SITUATION 


The surface conditions for the peried concerned 
have been fully described in Chapter II. In that chapter 
4t was concluded that a surface analysis elone does not 
explain the phenomenon of the neoeturnal thunderstorms. 
Therefore, an attempt will be made to utilize the upper 
air data in such s manner as to explain the cecurrence of 
the thunderstorms; and, if possible, by such explanetion 
to furnish a methed for forecasting them in similar 
situations. 

By use of the data gathered from the various 
serological stations, it hes been possible to construct 
the accompanying cross-sections, isentropic charts and 
diarrams. 

Hor, the eross-sections and isentropic charts 
are constructed from the data furnished by individual 
ascents; and to emphasize the advantege of isentropic 
anglysis, as well as te discover the characteristics at 
the vericus stations, « disaussion of the individual 


souldings is suggested before proceeding with the discussion 


of the charts. 





fhe gounding at Oklshoma City can be taken ss 


fairly typieal of conditions in the western part of the 
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forming warm seecter. The Rossby diagram (#21) shows the 
alr sass to be in good agreement with Willett's values 
for Ape. Convective instabliity from 942 te 893% millibars 
is disclosed by this diagram. Imspeection of the adiabatic 
dtagram (#19) discloses the eenveetive instability to be 
due to a papid cGecrease in moisture, Since the Lapse rate 
is less steep than the moist ediabset, The very sharp 
inversion at the ground, 12° in 250 meters, is une 
doubtedly one formed by radiation. This radiation must 
have been particularly intense Since at the time of the 
sounding a surface wind of 5.4 meters per second is re- 
ported. The smell values of relative humidity aloft 
indieate the probable reason for such pronounced eooling 
at the ground. 

The high temperatures above the inversion and 
the low relstive humidities definitely suggest that sub- 
sldence of some magnitude has occurred in the anticyclone. 
This subsidence must have been e@ecompanied by divergence 
as particularly emphasized by Namias (8). The surface 
Bap Suggests convergence between the Npp and the Nope 
antieyclones., However, both the highs are seen to be 
lessening in pressure et the center and to be soreading 
out cover « larger area, accounting thereby for the diver= 
gence sloft. 


An interesting feature of this sounding is the 























- 


wt) meme LN sealing thdlictag Ska ly ea 7 
tm ler aNbenLLty teky Hmemareys Beery A) ot of 
CVmNL EE ee OS SAT etl wih ieeeet wrbivewied) cog} el 
albediehe A 1h wodhoveen! saerwull ala = 
pf at LLiested) iV ioerree Ont weeatealh "iat ” 
Jie WEORD SEP seats reli gi ae os therm? Mor . 

LE Lar andl uuwes wiht 7: 

<u U ghearee Or wD cere a oe os | 

fae wligiGeg cnr) Lenreatee of Gere) eae reay 
“ar i 4) 42 Se sls een ee em sw 

owe a) Ureows mee creeee bud Te Lule eowrems « 

Mele wihiewd)!) erliiaies Ww tevire Clie et 

Dut ldes Wrenbente cue v0) nieert «fewrre ec) ered) 

—= at 

OR, aDIOATTAS OA «iW ir Oocree! Sie oF 7 

<i Jet cyepeew VeriaytOA Sareea Preeetay wal 

“UML eMiL! Gf Of AoPurtie afr AR i pee eee To 

 seretes i) ot bebet*eepe! feed woo fea eam toe + 
mvt ent fA) en iaeg © erate —yitenriveay 

mT 4 2 TE es Pe Fert oa «© penggre n 












at 











na aes Te CIF eas So » ae 
mealieetzs of 62 Lo tet ie cc? to bee WP eel 
ever l) eed ww Werte] =linimce ae peerel + oo > 


Teh oer , 


2’) ¢! aacllaeume 64) Y ealtee? etl Paerete! ah 


9.7° temperature inversion between the levels of 712 and 
686 millibers, immediately above @ stratum with an 
adiabatic lapse rate, suggesting turbulence and a resulte 
ing inversion. 

The Omaha sounding (422) is in goed agreement 
with the values as given by Willett for Nop, temperatures 
and anecifie humidity showing close agreement. 

The existence cf Nop over the Hye high is ese 
tablished by inspection of the Nashville sounding (#33), 
specifieally by comparing the potential temperature and 
the moisture content at the 771 millibar level, with the 
values at Omaha for that pressures and, further, by the 
prarallelisu of their curves on the Ressby dlazrans. 

Aan outstanding fact shown by the above men- 
tioned diagrams is the laek of contrast between the cir 
magses involved. The classical concept of frontogenesis 
{s that of convergence betreen the two sir masses of 
contrasting properties; the lines of flow being perpendi- 
culsr to the isopleths of temperature end/or humidity. 

In this situation comparison of the characteristic curves 
at Omaha, Kashville, and Chicago would lead to the conclu 
sion that no important front would develop, and there would 


be no pronounced cyclogenesis. 





Inspection of this map showe the flow at this 
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level te be almost exactly zonal, from the Recky Moumtains 
eastward, The winds at all levels aloft show this same 
Latigudinal transport except for stations west of North 
Piatte and the southerly winds rerorted at Del Fio and 

San Antonio, Texas, whieh persist te @ km. The southerly 
winds revorted by Pacific coart stations sre referred to for 


comparison with conditions on the following duys. 


Seundings of ¢ January 


Om the adiabetic diagram (#£0) for Oklshoma 
City on this date, a wet bulb curve has been constructed 
for comparison of etability conditins on this day and 
the following day. This curve is particularly useful 
fer determining the amount of lifting necessary before 
autoconvection will result; end further how large a 
layer posgesses such latent instebliity. Inspection of 
the curve shows no latent instability for lifting within the 
Limite of the sounding, this despite an adiabatic lapse 
rate from the 728 to 646 millibars. The temperature hes 
incresased slightly since the preceding day from the 
surface to abeut the 690 millber level by an average 
amount ef 28°C, Above that level, temperature shows prac- 
tically ne change, Simultaneously, the moelsture content 
has increased from the surface to praetieally the top of 


the sounding. These changes contribute to the nossibility 
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of shower formation; but, as yet are by no mesns threatening. 

The small inversion of 0.7°C. noted on the second 
is to be associated with the similar one from 650 to 628 
millibars on this date. 

The Nashville sounding shown on (#21) and (#53) 
shows similar striking stability conditions. Omehe is 
overlain by air with very stable characteristics as can be 
seen from the sounding vlotted on #22 and #22. 

Fl Paso, on this date, furnishes no information 
az to the threat of instability, or no warning that moisture 
is ahout to be introduced in lerge anounts. 

The Rossby diagram #Z0 has been constructed to 
show the lack of significant contrest between the air masses 
present, less than twenty-four hours before the outbreak 
of violent convective activity. It may be remarked at this 
point, that, were there a station well south of Oklahiéma 
City which could have furnished 4 sounding at this tine, 
that sufficient contrast could heave been discovered to 
acceunt for the subsequent development. In this connection, 
it is to be particulerly noted, however, thet only three 
stetions in the western part of the warm sector, where Npe 
is at the surface, renort any clouds. Further, thet as 
late as 8 pom. only feur stations ahead of the Tg front 


report 10/lOths cloudiness to indicate advance of moist air. 
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& Kilometer Men, 5 January 


This map shows, in the region under consideration, 

& very Slight chenge from westerly winds to winds slightly 
south of west. However, a change of utmost importance is 
observed on the Pacific Ceast. The winds eat this level 
which on the preceding day were southerly have turned to 
westerly directions. The effect of this turning of the 
winds west of the Rockies 1s believed by the authors to 
have a very important bearing on the events to follow and 
will be considered in detail under "Inferences from the 
Isentropic Analysis*®. The anticyclonic circulation over 
Colorado, Utah, Arizona, and New Mexico has been replaced 
by cyclonic curvature of the isobars. Further north the 


isobars remain westerly. 
Soundings of the 4th 


These soundings, though retrospective as far as 
the occurrence of the thunderstorms is concerned, are 
discussed to emphasize the magnitude of the changes which 
have seme effected since the morning of the third. 

Fer Nashville the Rossby diagram (#3) shows 
& tremencous increase of moisture at ali potential tem- 
perature surfaces, with a maximum at the 295° surface. 


This inversion of moisture mey be taken as marking the 
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base cf the turn current as suggested in Namias (8). 

There is no convective instability from the 92 te the 

645 millibar levels, or about three kilometers possess 

such instability. As tes strikingly evident from the latent 
instability shown by the wet bulb curve of (#85) free con- 
vection of « layer of more than twe kilometers would resnlt 
en & lifting of the order of thirty meters; such free cone 
vection could then vroeeed to at least as high e level as 

the ton of the sounding. Given such a sounding the inminency 
of a thunderstern is most apvarent. The most important fea- 
ture of this sounding is the faet that ubove the level of 

Q25 millibars the temperatures at all points are less, by 
about three degrees, than on the preceding day, while 

at the seme time temperatures below this level heve all 
increased by on average of four derrees Centigrade. At the 
sane time, the meisture content st all levels hes Increased 
during the period. This increase ig more marked at the 


lower levels than sloft. 


For both comprrisen and contrast the ecunding 


at Okishoma City G’e7) 13 now referred to. As et Nashville ’ 


er 


he moisture at all levels haa increzsed. But, the magni- 


tude of this increase et lower leyals is mueh lese. Further, | 


| 
neur the surface there has been on increase of tennersture, 
and akove 999 millibars there hae been an increase. Yet | 


the wet bulb curve reveals that no free convection could | 
7 
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base of the wern current os suggested in Namias (3). 
There is no convective instebility from the 922 to the 
645 millibar levels, or about three kilometers possess 
guen inestebllity. As is strikingly evident from the Latent 
instability shown by the wet bulb curve of (#85) free con- 
yeetion of « lsyer of mere than twe kilometers would result 
en & lifting of the order of thirty meters; such free cone 
vection could then sreoceed to at least aes high e@ level as 
the ton of the seunding. diven such e sounding the inminency 
a thunderstorm is mest apparent. The most important fea~ 
ture of this sounding is the faet that above the level of 
825 millibars the temperatures at oll points are Less, by 
about three degrees, than en the preceding day, while 
at the same time temperatures below this level heve all 
increased by an average of four derrees Centigrade. At the 
sane time, the moisture content et 211 levels has inereased 
during the period, This increase ig more marked at the 
lower levels than aloft. 
Fer both comparison and contrast the ecunding 
at Oklehome City (#27) is now referred to. As at Nashville 
he moisture at all levels has increased. But, the magni- 
tude of this increase at lower levels is mueh less. Further, 
near the surface there has been on increase of temperature, 
and above 399 millibars there hae been an increase. Yer 


the wet bulb curve reveals that no free convection could 
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result without 14Pfting to the £99 mb, level, too high for 
consideration. The result is that Olahome City renorts, 


nt S ame, clear akies and no precipitation during the 


es 


nreceding twenty-four hours. This dasvite the faet that 
a cola front has nassed the station during the preceeding 
four hours: az evidenced by a drop in dew point from 
49°F to 24°F, 

The sounding ot Omaha (£8) aiseloges Latent 
instability frou the 900 te the 785 millibar levels, TThe 
temperature since the preending day is legs at ell levels, 

Coutrasting te the Nashville and Omaha sound- 


ings, the conéitions at Pensacola are sean in (#76) to be 


suite stable, 





The outstanding feature of this man is the ex- 
tensive trough of low pressure centered at about North 
Platte. Where on the third, cover the Rocky Mountsins, 
there were westerly winds, there are now strong winds with 
northwesterly components, Fast of the trough south 
westerly winds of foree nine and ten are renorted. The 
reason fer this trough foruntion will be more fully dis- 
cussed later, when an attempt will be made te exalain the 
forecasting significance of the change observed on the 


Pacifie eoast on the third, 
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The soundings from the kaerologiesl stations 
available as analyzed gave no evidences of any considerabie 
inerease in instability, from the second to the third. 

The air masses involved in the zone of convergence shoved 
little contrast; except at the ground where goed contrast 
between the Te and the Npe was evident. The Te sir at 
the surface extended in a brosd band from west of AbLlene 
to east of Pensecola at the time of the pom. observation 
of the third. However, fer clouds indicating overrunning, 


hence, sdvence of the Tg, were reported. 


The Tsentronic Annziysis 


ross—-sections of 


The Parro-Oklshoma City section (455) shows 
a concentration of moisture near Fargo in the form of a 
bubble, the source-of the moisture being separate from 
that of the intruding moist tongue at Oklahoma City. 
& similar concentration of moisture between Chicseo «nd 
Nashville is evident on the Sault Ste. Marie-Nashville 
section, A molst tongue at Oakland is shown entering on 
the west-east section (#54). The concentration of 
moisture at Spokane on the Spokane-Billings section is, 


ae wlll be seen from the isentresic chart, te be identi- 
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fied with the moisture at Fargo, 





Conditions are as indicated on (#83). This 
shows the extremely long moist tongue of Pacific orlgin 
extending fron North Dakota east scuth eastward and 
recurving cyclonically near Washington, D.C. under th 
dominating influence of the dry tongue of cold Polar 
gir, It is to be expected that this dry flow will shut 
off the flow ef moisture from the Pacific, and seclude 
the advence portion of the moist tongue, 

Etegnant, end relatively dry cold air appears 
as @ large enticyclonic eddy over the plateau states, 
flanked by tro moist tongues, Lateral mixing will grad- 
“ually eause the disappesrance of this dry eddy. of 
interest are the strong winds at Havre, Mont. and Spokane, 
Yashington. They are probably super gredient ond due to 
excess of Corliolits force will result in convergence or 

fling up of air to the right. Due to the amount of time 
avaliable this assumption was not able to be verified; 
but whether or not it is valid will be determined by 

the authors, 

The tongue of moisture observed over Oklahoma 
City confirms thea concentration observed there on the 


Fargo-Oklehoma City cross-section, This tongue would be 
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Cross-sections oF 2 January 


The Snekene-Fl Paso seettion (#49) shows incresaed 
separation of the £98° ena 700° potential temperature sure 
facas between Salt Lake City and Fl Peso. This increased 
seonration means lessening of stability. This separation 
is evidently due to the strong winds at Enrekene and 
Billings on the second, mentioned previcusly. 

The north-south cross-sections (#29) shor 
stabllisation of the lanse rate at the lewer layer, in 
that the votential temperature surfaces are closely racked, 
Yost egfenifieant is the moist tongue coming from the 
southwest, The dipning of the rotential temperature sur- 
faeces indicates the edveetion of wermer sir. 

The Oklahone-City~Norfolk section repeats the 
moist tongue features mentioned in the last psragraph, 
and indleatee further, that conditions sre becoming less 
stable, theugh little so, in that the isentropic surfaces 


show slight signs of increasing vertiesnl separetion,. 


The ©98° Surface 





The feature of majer importance and therefore of 


greatest interest is the tremendous increase since the 
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second of the winds in the molst tongue, lying just east 
of Oklahnoms City, This fact suggests more raipid trans- 
port of moisture than previously, £s well as the advection 
of moister air. The haignt Lines, in the region of the 
Great Lakes, give a clue to the steep slone of the cold 
Sir. This deep cold dome couplee with the rapid advection 
of warm molst air will furnish sharp contrast in the 
elements. The ery eéady over northern Florida is seen to 
have antieyelonic circuletion in response to the dominant 
moist tongue to lta vest. | 

The shutting off of the moist flow from the 
pacific, by the eold, dry air, near Norfelk is in sgree- 
ment wiih past experience with isentropic analysis, 

The dry eddy over the plateau persists, but it 
will be noted that its ares is considerably dininished, 
indicating the mixing et the boundaries. 

The moist tongue of Ktp over tne west coust is 
Seen tc have winds of for less magnitude than the tongue 
first mentioned. 


The ZO0° Surf 


As in the 295° surface the flow of moisture 
towerds the north is seen “8 & tongue over Texas end 
western Arkansas. In it, es in its lower counterpart 


winds of whole gale force are reported. Tne surprising 
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.feeture of this tongue, howaver, is that ita axis lies 
some 159 miles to the east of the axis in the lower 
surface. This imalies that large moisture contents in 
the lower layers does not necessarily mean convective 
showers can occur. Also, it hes the implication, that 
unlike surface cold fronts the dry air is found furtner 
sastward with increasing elevation. 

In consonance with this condition, the dry 
eddy just west of this moist tongue is sean to be 
Centered Curther east than the eddy in the 235° surface. 
Further, tne area of the dry eddy is larger in this 
surface thun in the lower, implying a narrowing of the 
moist tongue. 

A sintlar tilt of the axis of the westernuost 
moist tongue is found. 

lt is not known if the tlit of the axes witha 
increasing potential température is inherent in sioist 
tongue. The Gccurrence is not knom to have been reported 
previously. 


The 305° Surface 





In this surface, the outstanding feature is the 
further eastward displacement of the moist tongue axis 
and of the dry eddy center. Diversion of the main moist 


tongue te a moreLasterly trajectory is indicated by the 
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turning ta the wesrtwerd of the winds north ef Oklehoma City. 
ft this noint rertiouler ettention is erlled to 


the height of the surface at Fl Paro, 695 milliberss end te 


the snecifie humidity 1.5 ¢rans. 


Crosg-sections or 4 Jenua 





The Qklahome-Horfolk section (#44) {llustrates 
graphieally the globulnr shane of the mefat tongue. The 
sloping of the snecifie hunidity lines cownwerd on each 
side shows the narroving of the toneve with eltitude in 
graphic manner. Tho inetabtiity in strikingly demon- 
stratec by the gepnration of the notontial termernture 
surfaces nt Nashville. This could not be the result of 
previous convection because the 308° surface bulges up- 
ward, not dinoing down as would he the case with con- 
vectionally trancnortet hent., The enn? hae heen lowered 
since the previous dor, bot this the reanlt of advunetion 
of warm afr, The rice of the mon eurfaca could hardly 
be attributed to radistion since the moisture in that 
surfece has inereased since the previous day, not de- 
creased, az would be excected follow int intense rradine 


tion aloft. 


Tht one Surtsaea 





The moist eurrent, of prineipak interest hes 


been divided into two brenehes, This branching can be 
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ettributed te the cirenleticon sround the now deep cyclone 
ae aresult of solenoidal formation, one part resconds 

te this cirevlaticn, while the vart of the taneue more 
remete rreserves its anticyclonic verticity. fvecific 
humidities im the meist tongue have Increased tremendously 


vr 


since the previcus sey, as frr ss nerth 23 Fargo th: 
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Specific humidity is greater than ony valves reported in 
the surfsee on the third. This serand cf welsture is 
undoubtedly fue to the strong vrinds which have prevailed 
in thie tongue, It will be cbhserved that the westernaset 
moist tongue which on the third dia net nesteszs such 


ow shrunk in intensity 


i 


streng wints as the former, has 
te the netnt as to neo longer be of significsnce. Simul- 
taneously the dry eddy between the tro tengues has slmest 
totelly diesrpeared by mixing procerfes. 


The any? CSurfacs 





This surface exhibits « diverging moist current 
over the southeastern states like the 295° surface, and 
near the axis possesses & moisture content almost as high 
&& those observed in the lower surface, but with the 
aifference that it has @ much isrger lateral metsture 
gradient. Foth brenches sre sean to lie to the right of 
the positions of the branches in the lower surfnesa; as 


was noteé on the previous day. 








iadSe ey Vet Vee Hue Aecivye VEEP NET Oe) ee lean rytra 
ee ee eet ee 
- Set «At he tre orem are ~ ra ot 
ertincet) .yilerieoe ChMOTRE RE hOr 492 Geter erte o. 
qityeerwps Perera? ere) eegend tenes eet er mathe in 
oof Opte? €f areas 4 3 8 GP) Gecliveey su 
a> Aericres cecter get sud wel derg OF colbdae’ a 
el emiaior Ww bisree ah Lh bP of?) Gh eevee 
S4lierave weed Teh ehele Geer’ OP & oe 4 
domerveleee wel tad? Gevreem af 47 fe 1T dobust OME 
A ew wets cir AGA bee eT sv eaot 
wreeths GS iSeeet oe mt yw oo 
aa .eeetites WwW oF yoim al lh le 
Tee (ee Ly woemtes jt ee em tix 



















-serrovehe geltee == eee gent? 
re 


teovees julie pacyryet? «2 G2 leliey e640 civ ; 
Lom peepee “OR? Bas ol! 199025 Spee eeeeee GF 8 
Se of fabele thefom wrete ler © frerpenee G1fe Pe? 
oat ute 7g Peart Peer’ aa ef Yoeve@ee@ af 
reeee Do Tewegel cage m4 ©a8 Te Doe reat 

Ye 2eate ew af est ul beme ote eee cre ft 


. 


os (ewaticee c3umal «ds 2) teremees ec) Teo areal ie «2 





i UFtrem 9M as bein o@ 


So poiiur tongues of ary air rre seen to cover 
a mnieh larger area then the corresponding tongues accupled 
in the lower layer, with the result, thet the inclature 
whieh attained the latitude of Fargo by the original 
impetus has been cut of f from ite source by the aprending 
dry aire 
The 28° Surface 


Very Similar differences between the position 
of the axes and centers of tongues and eddies in this 
and the 300° surface are noted as between the position 
in the latter and in the 235° surface, 

The temperature in this surface over Nashville 
is seen to differ considersbly from thet at Pensacola by 
the height lines intervening between these stations. 

Coipearison of the areas of dry and moist tonguas 
tilustrates, in striking menner, the comparative narror- 
ness of the moist tengues in the higher potential ten 
perature surfaces, 

The height of this surface at Nashville is 
particularly to be noted, i.0., 645 millibars. Further, 


the moisture content ie seen te be 2.8 grams. 
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the tone of surface convergence could have been fore 
east begeuse the gtrength of tha winds in the moist 
tougue clearly indicated thet it would ben, ita YTain 
fenture of she pattern oF tne isentropic surface. The 
increase of the winds in the £95° surface between the 
sacond and the third may be attributed to the formation 
Of solenoids between the warn acist sir and and the 
colder air to the westward. It is possible that this may 
not be the case; in feet, the winds wignt have been 
evident at an eariler date furtner south. The upper winds 
for the southern Gulf and Eastera Mexico were not available, 
at the time af Chis article but an attempt will be made 
to Sea if suc was the case. In any ease, once winds of 
Buch strength are observed in un intruding tongue of moist 
air 1% seems wost reasonable to conclude thet there will 
be correspondingly rapid edvection of moister snd moister 
air. «st the save time, due to their direction wore and 
more Hest will be intreduced into the region to which the 
flow 48 directed. 

Ae to where the moisture will be transported, 
it is seen that the tongue has anticyclonic curvature in 


consequence of coneervyation of vorticity. Hence, barring 
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atrony erterne] ferres {¢ will eontinue with such anti- 
eyelonic curveture, 

The extreme nerremess of the tongue accounts 
for the restricted bend of preeinitation observed during 
the night of S-4 Jonusry, desnite the uniformity of sur- 
feen conditions in the broad advancing Te sector. Guite 
neasibly an irentropie anélysis of the situation analysed 
by Trmeons (9) would reveal the reason for the rattern of 
reinfall obsarved during the night of 40-2] Pecember, LOZS. 

How the adveetion of meisture and heat in the 
Lover levers dees not exnisin the nronounced instability 
ob@erved at Nashville on the morning of the fourth, and 
which euet heve heen nresent at the stations where other 
nocturnal thunderstorms were renorted, 

Humshreys (©) liste as reasone for the production 
of conyeectional instability: a) Strong surfeee heating, 

b) Overrunning of one Layer of sir by another at © ten- 
pepeture sufficiently lewer to induce convection, and c) 
Ynderrunnine and consecuent uplift of a saturated layer 
of airy by another more dense lnyer. To these pogsible 
cages wust be added 4) Overrunning of a dense Layer by 
convectively unstabie air, i.@., warm front thunderstorms, 
@) radiation from alert as suggested by Namias (7) ana 

(f) convergence, 


The strong surface heating may at once be dismissed. 
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The Wicerruming of o gaturited leyer by a 
denser Laerer could possibly be the explanation of the 
thunderstorms ot austin, Texrs ens Chanute, hanscs,. 

But, such lifting couwla ack uppiy to tae heavy precipi- 
tation reverted at the other poetnts im the warm secisr. 
rediation from aelolt might 222% isentropic 
surfaces but would net increase the moisture content in 
& particular surface. The surtace is in fact not lifted; 
4t is merely found at 4 nigher level Yor tn atmosphere 
wits & layse rate less than the super-adlabatic, and nore 
mully moisture decrenses witn elevation. 

Convergence, as if weil known, tends tc steepen 
the lspse rate. Eut, in this eituetion no pronounced 
indication of convergence is indiceved. 

shere reméins the overrumning oY colcer air, 
other possibilities naving been eliminated. The effect 
Gn lapse raves of suck overrunning hee been fully dis- 
cussed by Rossby aud Felghtman (4). To show that this 
WES the case and that it logically folicowed from pre- 
vious avents the turning of tne winds cleexwise through 
MO” on the Pacifle Cosst between the second and the third 
at thie Level of three kilometers. As suggested by 
Prefesser Rossby, this turning of the winds west of tne 
Pocky Mounteins, in accordance with the theery of con- 


servation of verti¢ity, should result in a similer turn~ 
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date. Parther, imet theme winds to the eszt in virtue 
of the werteriy commenents om the werterr side rill 
have © tore northerls élrection thrn formerly beccuse 
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of the anticyclonic aurverture Leperte4 


we creft, end resultant straightening of the Limoe of 
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flew in des¢enting, Furetiy thie type of Tlow is noted 


agninet aie which mey heave skirted the rounteins to the 
southware en? hence foma high. Thier in turn will lesd 
to at first csecFing the southwerc Pler en? then re- 


as Sates : b 
.recting it te the northward, thus Terming ¢ troughs 
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This, then, is the exnienetion the treugh which spreaers, 
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on the nap referred to, on tha fourth, 


i 
surface was at the level of C82 willibers. The treugh 
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at thie tite ferwicg amt the Finds in it tremgported 
the cold sir to the vicinity of Meehville, s2¢ evidenced 
by the faet that on the morning of the fourth the 748° 


surfaces lay at the pressure level of $48 ollifpers. 
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The intresse in moisture is net in excess of amcvnts to 
be expected with lateral mixing. 
The Lsentropie charts show thet the condi 


tioning of the eatmesphere for convective inatebility was 
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due to the advection of moist warm air at lower layers; 
simultaneously with the advection of much veléer air 
aloft, but with a sufficientiy high molature centent to 
permit continued free convection. Excersive dryness at 
intermediate leveis is generaliy recognized to have a 
decidediy drying effect on snower forunation regardless 


of ispsbe rate, 








UF ANALYSIS 


Probably the most interesting feature dis- 
Closed by the isentropic analysis of the subject situa- 
tion is the tilt of the axes from west to east, as 


incicated in accompanying schematic figures, of tongues 





Rast-West cross-section of Moist Tongue 


through Isentropic surfaces 
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lilustr@ting shift of axis of Moist Tongues 


in Isentropic surfaces 
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and eddies with isentropic surfaces of higher potential 
temperature. Quite possibly this tilt can be aseribed 
to the increase in the westerly components of the wind 
with increasing elevation. This tilt may not be a fea- 
ture of ail situations. The authors are not aware of 
such tilt having previously been reported, possibly be- 
cause relatively few situations have been analyzed with 
the aid of more than one surface of potential tempers- 
ture, 

Another feature of importance is the determina- 
tion of the significance of values of the meteorological 
elements reported from the various stations. for example, 
& certain station may report the existence of large 
amounts of moisture aloft. It does not necessarily 
follow that a atation only a moderate distance away will 
be affected by such moisture even though the winds at 
the former are directed toward the latter, Whether the 
moisture is part of an eddy subject toe strong lateral 
mixing, or part of a dominating wake stream is quite 
apparent by inspection of en isentropic chart. 

4s would be logically expected, the strength 
of the winds in a moist tongue determine, to a large 
extent, what influence it will have on the developments 
of the situation. 


Of great importance is the narrowness of molst 
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tongues, particularly noticeable in the higher vaiued 
surfaces. As a corollary the dry areas are seen to 
increase in size with elevation. This is not a wholly 
unexpected result since the normal condition sloft at 
this time of the year over continental areas is one of 
dryness due to temperature effects. Yet the determina- 
tion of the width of a moist tongue is of the utmost 
importance in fixing the regions where they can be 
appreciable precipitation. This statement can be readily 
appreciated when the narrowness of the band of precipi- 
tation is considered. 

Further the location of a moist tongue in e@ 
lower isentropic surface does not always show the 
formation of convectional instability. This is particularly 
true where slight frontal action is involved. The con- 
struction of higher valuea surfaces of potentiai temper-~ 
atures renders possible foresceing advection of colder 
air, hence, gives & warning of threatening instablilty. 

The isentropic isallobars (#45), 46, 47 and 48 
were constructed with a view to determining the usefulness 
of such charts in ferecasting significant changes in the 
lapse rates for later periods. As concluded by Namias 
(7) such isallobaric charts are not conclusive in their 
indications. Further it is seen that layers vertically 


adjacent may have experienced changes in thickness of 
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opposite sign in any one period. Guite obviously occurr- 
ences of a similar nature may explain the lack of corre- 
lation between the isallobers of a single layer and the 


surface isallobars as found by Namilas in such comparison. 
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Ve. SUMMARY AND CONCLUSIONS 





This investigation shows, osms been expected, 
thet isentropic analysis possesses meny facilities for 
etudying situations, which other methods hitherto have 
failed to exhibit. Isentropic analysis to date hes gen- 
erelly been confined to the study of single isentropic 
surfeces, This analysis illustrates the benefits to be 
derived from the use of two anc three surfaces in con- 
junction with cross-sections in order to obtain a clearer 
concept of the isentropic flow of moist tongues. In 
addition, ag has been previously mentioned, the determins- 
tion of the moist tongue dimensions and the alignment of 
its axis can be of mejor importance for forecasting future 
conditions. 

The berfits to be derived from isentropic analysis 
are many, but it is evident that continual practice in 
analyzing conditions is very necessary in order that a 
plausible analysis méy result. A definite acquaintance 
with swamer and winter patterns can only be acquired by 
deily prectice. As the technique of the individual becosies 
perfected, the resulting forecasts should become more 
accurate. It is believed this method of analysis wiii 
merit greater attention in daily synoptic work, ax soon 


ag the greater proficiency is atteined, 
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The preperation of 4 reasonable ansiysis requires 
a good deal of time, which to dete has made thie method 
impractical for use in the military or navel service. 

The personnel availebie for aerological duties are limited; 
and time is a valuable item curing routine operations. The 
operations officer demands a forecast as soon as the surface 
map has been analysed, so the prevaration of material and 
personnel can be completed in emple time to accomplish 
their mission. 

It is hoped that a suiteble system can be 
devised, which will allow the service forecaster an oppor- 
tunity to use isentropic analysis. The preparation of 
these charts at e@ central office bv experts may be one 
solution. The charts can then be studied for sallent 
features and the importent data disseminatecé with en 
appropriate code via teletype ant radio. 

it is belleved that the service meteorclogists 
in general recognize the worth of isentropic analysis. 
it wili find its rightful place in daily synoptic work 
when & routine has been devised to meet the exigencies 
of the service. 

Greater accuracy in forecasting is one ob- 
sective toward which every meteorologist is working. The 
one route to this goal seems to be a comprehensive study 


of aerological data and a definite application of it in 
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daily work. <A series of morning anc evening observe- 
tions over the United Btates for an extended period may 
contribute valuable enlightenment concerning phenomens 
and controlling features not previously kKnorm. 

The authors are quite convinced that aerolog- 
ical observations from & locality on the Guif coast nesr 
Browneville would have been of great assistance in the 
work uncertaken. The continued advances of Te sir from 
this sector and the effect of this air on the weuther 
of southeastern United States would seem to maxe continual 
observations from this territory of the utmost conse- 
quence. There is reason to belleve that the new assign- 
ment of serological observing stations will be gn answer 


to this deficiency. 
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CONCLUSIONS 


lL. The situation was represented by isentropic analysis 

in a logical sequence of davelopments for the thres dsys, 
whereas surface ansaiysis aione did not. 

2. Avs a corollary to (1) isentropic enalysis will con- 
tribute greatly to the accuracy of forecasts. 

3S. The moisture patterns of the isentropic charts ap- 
peared to have their axes tilted from west to exst, with 
increasing values of the potential temperature surfaces. 
Coincidentally the area of dry tongues and eddies increase 
in size with progression into higher valued surfaces. 

4. The construction of more than one isentropic surface 
wes necessery in order to explain the developments of 

the situation. It follows that for forecasting the develop- 
ments in many situations that more than one isentropic 

chart should be constructed. The daily croxzs-sections 

can be employed for the determination of when such addi- 
tional charts ure necessary. 

Oo» the appeerance, in a tongue, of uniformiy directed 

and relatively strong winds is very indicative thet such 
tongues will play a dominant role in subsequent development s 
of the situation, hence is a good criterion ror @orecasting. 
6. The lsalliobaric coarts of isentropic layers cannot, 


as yet, be geinfully employed in isentropic analysis. 
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1. More aerological stations should be established to 
furnish a more complete picture of the processes at 

Work Bloft then is now possible. Such stations should be 
established in locrelities where cominating flows have 
been observed to most frequently enter the praesent net- 
WOLPAS » 

ee the serological observations should be made at least 
twiee daily. If such a frequency of observation is not 
practicable throughout the year, there should be provision 
for taxing them this often in selected situations for 

the purpose oF research. 

we The technique of construction and interpretation of 
isentropic charts should be standardized to the extent 
that such charts can de made at central stations and a4 
description of the features of the situation be broadcast 
to tne various units. This procedure woulc secure the 
benefits of isentropic analysis to those units yhich may 
not heve sufficient personnel to maxe the construction 


in &@ reasonable time. 
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